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ABSTRACT 
Miscibility of poly(acrylonitrile) (PAN) with poly(vinyl chloride) (PVC) was investigated by dilute 
solution viscometry. Dilute solution viscosity measurements were made on ternary systems, polymer 
(1)/polymer (2) solvent dimethyl formamide for different average molecular weights of PAN and PVC. 
The intrinsic viscosity and viscometric interaction parameters were determined for binary 
(solvent/polymer) systems as well as the ternary systems by classical Huggins equation. Degree of 
miscibility of these polymer systems was estimated on the basis of the three following criteria: (1) The 
sign of α, (2) the sign of ΔB, and (3) the sign of μ. Based on the sign convention involved in these 
criteria, miscibility was observed in all of the systems under study. The miscibility of all these systems 
in accordance with interaction between the unlike polymer chains rather than polymer–solvent 
interactions was investigated depending on molecular weight of polymer sample. The above blend 
membranes of different molecular weight were prepared according to phase inversion process using a 
mechanical membranes casting unit. The membranes were prepared under different conditions such as 
variations in polymer concentration additives (PVC 10, 30 or 90K) solvent composition Dimethyl 
formamide (DMF) to obtain membrane having different performance characters. Molecular weight cut 
off values of the membranes have been measured by permeating different molecular water-soluble 
polymers such as polyethylene glycols (PEG) measuring separations by size exclusion chromatography. 
The MWCO values of the membrane are in range of 75 to 120 KDA. 

 
1.  Introduction 

 

In the present situation, the polymers is one of the 

promising material is inexpensive Polymeric membrane is 

widely used for water treatment due to its easy forming 

properties, higher flexibility, smaller space footprint and low 

operating cost [1]. Polyacrylonitrile (PAN) and poly vinylidene 
fluoride (PVDF) are widely studied due to their beneficial 

characteristics as host polymers. PVDF is well-known for its 

excellent thermal stability, chemical resistance and mechanical 

strength [2,3]. Meanwhile, PAN exhibits good chemical 

stability and good solubility in common organic solvents [4,5]. 

PAN also shows higher degree of hydrophilicity and better 

fouling resistance compared with other polymeric materials 

such as poly ethersulfone (PES), polysulfone  (PSf), and 

polyethylene (PE) [6].  

The production of polymer materials has grown rapidly in 

the past 50 years. The versatility of plastics, not exceeded by 
any other class of materials, guarantees   that polymers will 

continue to be very important in the future. However, at 

present, a distinct change is taking place in polymer research 

and development. In the pioneering days of plastics, new 

polymer properties were determined by the choice of suitable 

new monomers. Today, the commercialization of polymers 

from new monomers is restricted to few specialties. On the 
other hand, the number of new polymer blends and alloys 

based on known polymers is increasing very rapidly. The 

market for polymer blend-based materials has increased 

continuously during the past two decades. Polymer blending is 

a convenient route for the development of new polymeric 

materials, able to yield materials with property profiles 

superior to those of the individual components. This method is 

usually cheaper and less time consuming for the creation of 

polymeric materials with new properties than the development 

of new monomers and/or new polymerization routes. An 

additional advantage of polymer blends is that the properties of 
the materials can be tailored by combining component 

polymers and changing the blend composition [7-10]. 

Three different types of blends can be distinguished: 

Completely miscible blends, partially miscible blends, and 

completely immiscible blends. As the gain in mixing entropy is 

negligible due to the high molecular weight of polymers and 

the mixing is endothermic in the majority of cases, miscible 
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polymer blends are the exception rather than the rule. Indeed, 

only few miscible blends have been identified. Most polymer 

mixtures form immiscible blends, in which the interphase is 

sharp. Since adhesion between the two polymer components is 

poor in such blends, they are usually they can be 

compatibilized. 

On the other hand, it has become clear through recent 

work that a large class of polymers forms miscible blends with 

appropriate partners through the formation of inter-associated 
hydrogen bonds 

Consequently, it is now a well-known strategy to enhance 

the compatibility of the immiscible blends by the incorporation 

of inter-associated hydrogen bonds and other intermolecular 

attractions between constituent polymers. 

To satisfy the growing needs of new materials with 

specific properties, such as engineering materials, new 

polymers have been synthesized and chemical modifications in 

conventional polymers have also been proposed. However, the 

mixture of two or more polymers, forming a polymer blend, 

continues to be an economical method to obtain new polymeric 

materials. The final properties of a polymeric blend will 
commonly depend on the properties of its polymeric 

components, its composition, and mainly on the miscibility of 

the polymers. In some cases, by synergistic effects, the blend 

can present better properties than the pure components [11, 

12]. 

In recent years, polymer blends have gained considerable 

attention due to their cost-effectiveness and the relative ease 

with which new tailor-made materials can be produced to meet 

specific applications. Polymer blends are a matter of active 

interest in recent years, mainly due to being a versatile way to 

develop new materials with designed properties that cannot be 
reached using single polymers. The development of new useful 

blends, however, is severely limited by the incompatibility of 

many polymer pairs of interest due to entropic reasons. 

Specific interactions, such as hydrogen bonding [9], dipole-

dipole forces [10], and charge–transfer complexes [13] for 

homo-polymer mixtures or segment-segment repulsion inside 

the blends as well as dilution of repulsive interactions by less 

favorable ones, can produce negative heats of mixing. By this 

way, the chemical structure of the polymeric components plays 

an important role in enhancing interactions that can promote 

miscibility. The role of polymer-polymer interactions in 
determining the phase behavior and final properties of polymer 

blend materials is of interest in the prediction of miscibility in 

polymer blends. 

The miscibility of polymer blend is calculated 

theoretically as well as being estimated experimentally by 

dynamic mechanical, thermal, electron-microscopic, neutron 

scattering, spectroscopic, and viscometric techniques [14-15]. 

Due to its simplicity, viscometry is an attractive and very 

useful method for studying the miscibility of the polymer 

blends [16]. Additional advantages (i.e., that no sophisticated 

equipment is necessary and that the crystalline or the 

morphological states of the polymer blends do not affect the 
result) make the viscometer more convincing for characterizing 

polymer mixtures. Furthermore, the retarded diffusion of 

polymers in the solid state makes it difficult to attain a 

condition of true thermodynamic equilibrium and so the 

behavior of a polymer mixture in solution is the best method of 

assessing the miscibility [17, 18]. In addition, dilute solution 

viscometry method provides information about both polymer-

polymer interactions and polymer-solvent interactions in 

solution. The effectiveness of dilute solution viscometry 

method is based on the assumption that mutual interactions of 

macromolecules in solution have a great influence on the 

viscosity in the ternary systems. A lot of work has been 

reported on systems involving neutral or uncharged polymers 

in organic solvents, complex mixtures of polymers and micro 

emulsions, neutral and water-soluble polymers in water, and 

mixtures of poly-anions in aqueous solvents. 

Separation Technologies, a membrane may be considered 

to be a phase that act as a barrier to In prevent mass movement 
In general, but allows restricted and regulated passage of one 

or more species through i.e. it controls the selective transfer of 

molecules or ions. This is specificity is almost always due to 

some kind of heterogeneity in the membrane.  In recent years, 

ultra-filtration technology has received tremendous importance 

for concentration, purification and fractionation of various 

products in diverse fields such as food, properties. They are 

easily susceptible for fouling, i.e. on-specific adsorption of 

feed solutes on the membrane surface and pores resulting in 

severe decline In permeate flux with operation time. 

The dairy industry etc. These membranes possess 

asymmetric structure and generally have been prepared by on 
solvent induced phase inversion (NIPI) Process. Most of the 

commercial ultra-filtration membranes are made from 

hydrophobic polymers like polysulfide, poly membrane would 

combine the superior medical and bio technological industries, 

paper industries   Acrylonitrile and polyvinyl chloride due to 

their excellent chemical resistance and thermal and mechanical 

properties. They are easily susceptible for fouling i.e, non-

specific absorption of feed solutes on the membrane surface 

and pores resulting in serve declineinpermeate flux with 

operation time|[19,20] it has been generally acknowledged that 

membranes with hydrophilic surface are less susceptible for 
fouling and often reversible [21]. 

 

1.1  Theoretical 
 

Miscibility parameters obtained by diluted solution 

viscometry and derived from the classical Huggins equation 

are given by  

 

ηsp = [η]c + bc2                                                                 (1) 

 

where, ηsp is the specific viscosity of a single-solute 

solution, c is the mass concentration, [η] is the intrinsic 

viscosity, and b is related to the Huggins coefficient k by  

 
b = k[η]2                                                                           (2) 

 

where, b is believed to reflect the binary interactions 

between polymer segments. Huggins coefficient is a measure 

of the interpenetration of polymer coils, the extent of which 

depends on the segment-segment and segment-solvent 

interactions. This, in turn, affects the inter-molecular 

hydrodynamic interaction and the molecular dimensions. 

Krigbaum and Wall derived an expression for the ideal mixture 

viscosity by redefining ηsp in classical Huggins equation as 

follows:  
 

ηspm = [η]mCm + bc2                                                           (3) 

 

where, [η]m is the intrinsic viscosity of the mixture, Cm is 

the total polymer concentration, and bm is the Huggins slope 

coefficient which characterize the interactions of all polymer 
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species. The slope bm for the mixture of polymer A/polymer B 

is given by  
 

bm = bAW2
A+ bBW2

B + 2bABWAWB                                    (4) 

 

where, WA and WB are weight fractions of the polymers, 

bA, bB, and bAB are the terms characterizing the interactions of 

the same (A-A, B-B) and different (A-B) polymer molecules, 

respectively, and the bAB term, which is a complex parameter 

including the thermodynamic and hydrodynamic interactions in 

the system is given by 

 

bAB = kAB[η]A[η]B                                                             (5) 
 

where, kAB is the Huggins coefficient between different 

(A-B) polymer molecules 

In contrast, Equation (4) yields  

 

bAB = [bm−(bAW2
A + bBW2

B)]/2WAWB                               (6) 

 

Combining Equations (5) and (6) give kAB with all 

experimental parameters  

 

KAB = [bm − (bAW2
A + bBW2

B)]/2WAWB                            (7) 

 
In the presence of only hydrodynamic interactions, 

theoretical values of bAB or kAB are calculated as geometric 

means of bA and bB or KA and kB  

 

bAB t = (bAbB)1/2                                                                (8)  

 

KAB = (KAKB)1/2                                                                (9) 

 

Because experimental bAB or kAB values reflect both 

hydrodynamic and thermodynamic interactions between 

polymer segments, the difference between experimental and 
theoretical values ΔkAB = kAB − kABt could give information on 

the thermodynamic interaction of the polymers. Accordingly, 

ΔkAB≥ 0 signifies attractive interactions and miscibility, 

whereas ΔkAB ≤ 0 indicates repulsion and immiscibility. 

Sun et al. [24] suggested new criteria for polymer-polymer 

miscibility in terms of thermodynamic parameters, α, based on 

the classical Huggins coefficient km in the blends using the 

equation  

 

Km = {kA[η]2
AW2

A + kB[η]2
BW2

B  

         + 2(kAkB)1/2[η]A[η]B WAWB}/{[η]AWA  

         + [η]BWB}2 + α                                                      (10) 
 

According to Sun et al. [24] approach for a ternary, 

polymer A/polymer B/solvent systems, three types of 

interactions might contribute to the value km. These are long-

range hydrodynamic interactions of pairs of single molecules, 

defined by km1 which is the same as km given in Equation (10), 

the formation of double molecules gives by Km2 and 

intermolecular attraction or repulsion gives by km3. Thus, the 

overall km turns out to be  

 

km = km1 + km2 + km3                                                         (11) 
 

The second term km2 can be neglected at sufficiently low 

concentration and in the absence of strong specific interactions 

that would be encouraged aggregation. Reabbreviating km3 as α 

and rearranging Equation (11) α is given as follows:  

 

α = km − kmt                                                                                                          (12) 
 

Based on the term km, Sun et al. [24] thought that α can be 

used to determine the miscibility of polymer blends when α < 

0, immiscible and α ≥ 0, miscible. 

Contrast Chee proposed another criterion terming 

polymer-polymer miscibility described as follows:  

 

ΔB = (bm − b*)/(2WAWB)                                               (13)  

 

b* = WAbA + WBbB                                                         (14) 

 
where, bm is the observed interaction parameter for the 

polymer mixture, bm, bA, and bB values can be obtained 

experimentally. Accordingly, Δb ≥ 0 indicates miscibility and 

Δb=0 indicates phase separation in the blend system. Chee [18] 

suggested a more effective parameter, μ for blend solutions 

having sufficiently far apart [η]A and [η]B values  

 

μ = {(bmbA)/([η]m[η]A}(bBbA)/([η]B[η]A)}/2([η]B[η]m)                

                                                                                       (15) 

 

A positive or zero μ value indicates miscibility and a 

negative μ value indicates phase separation. 
 

2.  Experimental 
 

2.1  Materials 
 

The poly(acrylonitrile) (PAN) polymer samples studied in 

this work were obtained from Hi Media Laboratories Pvt. Ltd., 

Mumbai. The molecular weight characteristics are determined 

by 40,000. Poly(vinyl Chloride) (PVC) polymer samples studied 

in this work were obtained from Albert Victor, India. Molecular 

weight characteristics are determined by 48,000. 

Dimethylformamide (DMF) is supplied by SD Fine Chemicals, 

Mumbai. 

 

2.2  Experimental method 
 

The viscometric behavior of PAN/PVC/DMF solutions was 

performed at 30°C using an Ubbelohde-type capillary 
viscometer. The temperature of the thermostat was controlled 

with an accuracy of ±0.1°C and the flow times were measured 

with a digital stopwatch with an accuracy of ±0.01s. The stock 

solution of each binary and ternary system was made by 

dissolving polymer samples to a polymer concentration of 

0.1g/dl. Dilutions to yield six lower concentrations were made 

by adding solvent. For every measurement, the reading was 

taken after an equilibrium time of 10 min. The average elution 

times of solutions were determined after several measurements. 

 

2.3  Membrane preparation 
 

All the membranes were prepared according to 
conventional phase inversion method using a motor driven 

mechanical casting machine. Ultra-filtration membranes were 

prepared using solution containing 16,18,20 and 22 wt% of   

poly acrylonitrile and PVC 99 K, PVC 35K, PVC 22 K in 

dimethyl - formamide, and tetrahydrofuran. Phase inversion 

was performed in water and sodium lauryl sulphate medium at 

room temperature. The membranes were thoroughly washed 

with water and preserved in double distilled water. 
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2.4  Membrane performance 
 

The membrane were characterized for pure water 

permeation rate (PWP) and for the separation of different 

molecular weight poly ethylene glycol (PEG), Dextrans and 

Poly ethylenoxide (PEO) using Amicon dead end ultrafiltration 

cell at 2-5 kg/cm2. The concentration of polymers in the feed 

permeate solutions were determined by size exclusion 

chromatography. The solute rejection was calculated using the 

following formula: 
 

Solute rejection = (1 – Cp/Cf) × 100 
 

where Cp and Cf are concentrations of permeate and feed, 

respectively. 

 

3.  Results and discussion 
 

Viscometry is a simple and effective technique for 
monitoring complexation and interaction of polymer blend 

solutions. In general, if no specific interaction exists in 

polymer pair, the component polymer coils spatially isolate 

from each other in dilute solutions, and the reduced viscosity 

of the polymer pair is close to additive law of the component 

viscosity. However, positive or negative deviations from the 

additive law may occur if the specific interactions between the 

polymer pairs are strong enough, suggesting intermolecular 

complexation. H-bond complexation is dependent on many 

factors such as molecular weight and its distribution of the 

component polymers, the level of the interaction and the 

solvent used. In these polymer systems, H-bond complexation 

was investigated depending on the molecular weight of the 
PAN and PVC. Miscibility is generally known to be enhanced 

by specific interactions between the polymer pairs (i.e., Vander 

Waals type interactions between polymers, due to the presence 

of relatively polar and polarizable groups and hydrogen 

bonding if there is sufficient hydrogen bonding sites present in 

the structures of polymer pairs). 

Before discussion of data on PAN-PVC mixtures, it is 

necessary to characterize the viscometric behavior of each 

polymer separately in aqueous solutions. Using the Huggins 

equation, intrinsic viscosities, the data, and for the binary 

systems at 30°C are tabulated in Table 1. 

 
Table 1: The values of Density (), Absolute Viscosity (), Relative viscosity reland Reduced viscosity (rel/C) for different composition of 

1% (w/v) (PAN/PVC) blends in DMF at 300C. 

Concentration 

(g/dl) 
Density () 

(gm/cm3) 

Absolute Viscosity 

(η) Cp 

Relative viscosity 

(ηrel) 

Specific viscosity 

ηsp 

Reduced viscosity 

ηsp/c)×10-2 (dl/g) 

0/100 PAN/PVC 

0.1 0.9469 0.7822 1.0976 0.0976 0.9756 

0.2 0.9471 0.9404 1.3195 0.3195 1.5975 

0.4 0.9473 1.0685 1.4993 0.4993 1.2482 

0.6 0.9475 1.2193 1.7108 0.7108 1.1847 

0.8 0.9479 1.1652 1.6349 0.6349 0.7055 

1.0 0.9482 1.5817 2.2193 1.2193 1.2193 

20/80 PAN/PVC 

0.1 0.9349 0.8689 1.2191 0.2191 2.1914 

0.2 0.9352 1.0029 1.4072 0.4072 2.0358 

0.4 0.9359 1.1969 1.6794 0.6794 1.6985 

0.6 0.9363 1.5247 2.1393 1.1393 1.8988 

0.8 0.9365 1.6292 2.2859 1.2859 1.6074 

1.0 0.9371 1.7046 2.3918 1.3918 1.3918 

40/60 PAN/PVC 

0.1 0.9351 0.8765 1.2298 0.2298 2.2982 

0.2 0.9359 1.0185 1.4291 0.4291 2.1453 

0.4 0.9363 1.2272 1.7219 0.7219 1.8047 

0.6 0.9367 1.5700 2.2029 1.2029 2.0048 

0.8 0.9368 1.6669 2.3388 1.3388 1.6735 

1.0 0.9372 1.8239 2.5592 1.5592 1.5592 

50/50 PAN/PVC 

0.1 0.9347 0.8835 1.2397 0.2397 2.3972 

0.2 0.9351 1.0473 1.4695 0.4695 2.3477 

0.4 0.9358 1.2786 1.7940 0.7940 1.9849 

0.6 0.9359 1.5984 2.2427 1.2427 2.0712 

0.8 0.9362 1.7179 2.4104 1.4104 1.7630 

1.0 0.9364 1.8670 2.6196 1.6196 1.6196 

60/40 PAN/PVC 

0.1 0.9347 0.8984 1.2606 0.2606 2.6055 

0.2 0.9349 1.0768 1.5109 0.5109 2.5545 

0.4 0.9351 1.2999 1.8239 0.8239 2.0597 

0.6 0.9352 1.6269 2.2827 1.2827 2.1379 

0.8 0.9354 1.7684 2.4813 1.4813 1.8516 

1.0 0.9355 1.9247 2.7005 1.7005 1.7005 

80/20 PAN/PVC 

0.1 0.9348 0.9282 1.3024 0.3024 3.0236 

0.2 0.9349 1.1065 1.5526 0.5526 2.7629 

0.4 0.9352 1.3520 1.8971 0.8971 2.2426 
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0.6 0.9354 1.6718 2.3458 1.3458 2.2429 

0.8 0.9357 1.8210 2.5551 1.5551 1.9439 

1.0 0.9361 1.9705 2.7648 1.7648 1.7648 

100/0 PAN/PVC 

0.1 0.9423 0.7634 1.0712 0.0712 0.7120 

0.2 0.9425 0.9733 1.3656 0.3656 1.8281 

0.4 0.9532 1.4765 2.0717 1.0717 2.6792 

0.6 0.9545 1.9183 2.6915 1.6915 2.8192 

0.8 0.9605 2.3499 3.2972 2.2972 2.8716 

1.0 0.9655 2.6996 3.7879 2.7879 2.7879 

 

Based on the experimentally observed [η] for the ternary 

(polymer 1/polymer 2/DMF) systems, the parameters of the 

miscibility criteria proposed by Sun et al. [22] and Chee [23] 

were computed using related equations. The values of the 

miscibility parameters μ, α, and ΔkAB for the pure and blend 

systems fraction of PAN are obtained from Figures 1 and 2, 

respectively. According to Figures 1 and 2, viscometric study 

shows that ΔB and ΔkAB values are positive for the PAN/PVC 

blend for all weight fractions. This indicates that these blends 

are miscible only for these molecular weights under study. 

 

 
Figure 1: Variation of absolute viscosity with concentration of different compositions of PAN/PVC blends in DMF at 30oC. 

 

 
Figure 2: Variation of reduced viscosity with concentration of different compositions of PAN/PVC blend in DMF at 30oC. 
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From the measured values of densities (ρ), absolute 

viscosities (ηab), the calculated values of relative viscosities 

(ηr), specific viscosities, and reduced viscosities (ηred) over a 
wide range concentrations of blend solutions for different 

compositions 0/100, 20/80, 40/60, 50/50, 60/40, 80/20, and 

100/0 of 1% (w/v) for PAN/PVC blends in DMF at 30°C are 

presented in Table 1. 

From Figure 1, it is observed that as the concentration of 

PAN increases in the blend, the absolute viscosity also 

increases. With the increasing percentage of PAN in the 

PAN/PVC blend, PVC can interact with several chains of PAN 

and can form highly cross-linked structure, which causes high 

solution viscosity. Further, with increase in proportion of PAN 

in the blend along with cross-linking effect, the effect of 

hydrogen bonding between the cyano groups of PAN and α-
hydrogen of PVC also increases. These effects at higher 

contents of PAN in the blends enhance the cross-linking effect 

as well as hydrogen bond effect, leading to high viscosity as 

observed in Table 1 and Figure 1. 

The Huggins plots of reduced viscosity against 

concentration for a different composition of 1% (w/v) 

PAN/PVC blends in DMF at 30°C are shown in Figure 2. On 

extrapolating to zero concentration, the intrinsic viscosities are 

determined (Figure 2) and the values of PAN, PVC, and 

PAN/PVC blends of different compositions (0/100, 20/80, 

40/60, 50/50, 60/40, 80/20, and 100/0) are 0.9756, 2.1914, 
2.2982, 2.3972, 2.6055, 3.0236, and 0.7120 dl/g, respectively. 

These values indicate that the intrinsic viscosity values of 

PAN/PVC blends for different compositions are in between the 

pure polymer values. The reasonable interpretation may be that 

the attractive interactions between PAN and PVC existed in 

DMF. These attractive interactions may lead to decrease the 

intermolecular excluded volume effect and decrease the 

hydrodynamic volume. As a consequence, the PAN/PVC blend 

coils expand, which causes an increase in the intrinsic viscosity 

of PAN/PVC blends in DMF compared to intrinsic viscosity 

values of pure polymers. 

From these graphs, it is clearly evident that the Huggins 
curves are linear in nature for all compositions; this indicates 

that mutual attraction of macromolecules in solution favors the 

polymer miscibility. Similar observation was also made by 

Heiyang et al. in case of PVC/PCL blend and reported that the 

blend is miscible. In the present study from Figure 2, it is 
concluded that the PAN/PVC blend shows miscibility for all 

the blend compositions. This may be due to the formation of 

hydrogen bonding between α-hydrogen of PVC and cyano 

group of the PAN as expected. The occurrence of proton-

donating and proton-accepting groups in these polymers 

governs the nature of the intermolecular bonds responsible for 

the formation of associates between macromolecules of these 

polymers of different nature. This miscibility could be 

connected with the proton donor-proton acceptor interactions 

between PVC as a proton donor and PAN as proton acceptor. 

A similar observation was repeated by Marentetle and 

Brown [24] from their studies of components of poly(ethylene 
oxide)/PVC blends. 

 

3.1  Chee and Sun Methods 
 

To quantify the miscibility and immiscibility nature of the 

present polymer blend system, the interaction parameters ΔB 

and μ suggested by Chee [23] and “α” suggested by Sun et al. 

[22] calculated using the equations. The values ΔB, μ, and α  

of PAN/PVC blend systems in DMF at 30°C are presented in 

Table 2. 

In general [25], if ΔB and μ are positive for any poly 

blend system; it is a miscible one, whereas if these values are 

negative the poly blends are considered as immiscible one. It is 
concluded from the present study based on the values given in 

Table 2, the values of ΔB and μ are positive for the systems 

under study and this indicates that PAN/PVC blend shows 

miscibility. A similar observation was made by Rajulu et al. 

[25] in the case of poly(vinylpyrrolidone) / poly(styrene) 

blends. 

The values of “α” calculated for the present system are 

presented in Table 2. According to Sun et al. [24], a blend will 

be miscible if α is ≥0 and immiscible if α is <0. In the present 

study, the values of “α” are found to be positive for all 

PAN/PVC blend compositions, indicating that the blends are 

miscible in all compositions. 

 
Table 2: Chee and Sun’s interaction parameters for different compositions of 1% (w/v) (PAN / PVC) blend in DMF at 30oC. 

Blend Composition 

(PAN / PVC) 

Chee's Differential Interaction parameters Sun’s miscibility Parameter 

  

20/80 0.0281 1.5449 0.0048 

40/60 0.3895 2.1366 0.1905 

50/50 0.8402 4.6082 0.3116 

60/40 1.4987 8.2200 0.4514 

80/20 4.3573 2.3898 0.7871 

 

This supports the conclusions drawn regarding the 

miscibility nature of PAN/PVC blend in DMF at 30°C from 

the intrinsic viscosity data as explained above. 

Figure 1 and 2 shows the variation of PWP, permeation 

flux and separation of water-soluble polymers on polymer 

concentration in the dope solution (DMF+THF of different 

Ratio). The PWP and flux of the membrane decreases, whereas 

solute rejection of PEG 35K, dextran 77 KDa and PEO 100 

KDa increases with the increase of   PAN concentration from 
16 to 22% in the dope solution. The PWP decreased from 145 

to 45 gfd (Gallons per day) on increasing the PAN 

concentration from 16 to 22% in the dope solution. The 

permeate flux depends on the nature of the water-soluble 

polymer and decreases the increases of solute size in the 

following order PEG 35KDa> dextran 77KDa> PEO 100 

KDa. During the phase inversion process to form the 

membrane, the properties of the membrane depends on the rate 

at which water (non-solvent) enter inside solution and rate at 

which the solvent comes out into gelation medium. The higher 

the polymer concentration, the lower the rate of phase 

inversion due to the reduced rates of diffusion of water and 
solvent and thus results in the formation of some what impact 

membrane with higher rejection and lower permeation rates. 
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Figure 3:  Variation of membranes flux with PAN concentration (in 
X-axis 1=16%, 2=18%, 3=20%, 4=22%). 

 

 
 

Figure 4:  Variation of membranes rejection with PAN Concentration 
(in X-axis 1=16%, 2=18%, 3=20%, 4=22% of PAN Concentration). 

 

The variation of   PWP, permeate flux and rejection of 

PEG, dextran and PEO on PVC Concentration (1,1.5 and  2%) 

in the polymer dope solution is shown in figure below. The 

Variations have been studied in DMF and DMF+THF 
Solutions. Both PWP and flux increases   initially up to the 

PVC concentrations of 1.5% and further increase causes a 

decrease. A straight   decrease in solute rejection was observed 

for increase PVC in polymer dope solution. The initial higher 

flux may be attributed to the formation of more porous to 

player with the increase of PVC concentration. Higher PVC 

concentration may be leading to the formation of somewhat 

larger size pores, but less in total number due to the tendency 

of PVC chains to form aggregates. This causes a negative 

effect on the performance of membranes. 

 

 
 
Figure 5: Variation of flux with % PVC  90 k Concentration (X-axis 

1= 0, 2=1, 3=1.5, 4=2) (D+T= Dextron+ Tetra hydrofuran). 

 

3.2  SEM analysis 
 

 
Figure 6: The overall cross-sectional image of the asymmetric 
PAN/PVC is shown in Figure 1(a). A finger-like structure was 

observed under the skin layer and a porous macro voids structure was 
found in the support layer of the membrane. 

 

 
Figure 7: Showed that the mean pore size of the membrane was the 

smallest for PAN/PVC membrane, which was 3.58 nm and the 
biggest mean pore size was 38.37 nm for PAN/PVC membrane. 

 

4.  Conclusions 
 

The present investigation clearly indicates that the 

interaction in the blends studied by simple measurements 

based on viscometry and interactions provide valuable 

information about the miscibility’s of the blends. The MWCO 

values of the membrane are in range of 75 to 120 KDA. 
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